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THE UTILIZATION OF THE POWER OF they give a close approximation for any nearly regular ing along vertical piles. This float is provided with 
OCEAN WAVES. series of waves in deep water, and a fair approxima- vertical straight racks, which transmit their motion 

AT the recent meeting of the American Society of 
Mechanical Engineers at San Francisco, Mr. Albert 
W. Stahl, U.S.N., Asst. Naval Constructor, present
ed an exhaustive discussion of the subject above stat
ed. The possibility of "harnessing the waves " has 
10Ilg been an attractive one to inventors, as the Patent 
Office records testify; but the subject has received 
little attention from engineers. We do not now recall 

'any other paper of importance on the topic anywhere 
in technical literature. 

Mr. Stahl's paJ:>6r was really a fairly complete treatise 
on the subject of wave power and its utilization, being 
56 pages in length. It opened with a discussion of the 
trochoidal theory of wave motion, which ts the theory 
now generally accepted as a sufficiently close approxi
mation to the actual motion of water waves. Accord
ing to this theory each particle of water in a trochoid
al wave moves in an elhptical orbit, whose major axis 
is horizontal, and the plane of which is vertical and 
perpendicular to the wave ridge or crest. The motion 
of the particle in the upper portion of its orbit is in 
the direction of advance or propagation of the wave ; 
in the lower part of its orbit motion is in the opposite 
direction. The eccentricity of the ellipses depends on 
the ratio between the length of the wave and the depth 
of the water. When the depth is one-half the length of 
the wave or more, the ellipses cannot practically be 
distinguished from circles. 

Frolll his discussion of the form and method of mo
tion of the wave, the author is enabled to deduce the 
following formula for the total energy of an indefinite 

tion for waves in shallow water. to pinions located on the' structure above. The 
After concluding his discussion of the mathematical racKs being rigid, power can be taken off on both 

theory of wave motion, the author takes up the ques- ,the up and down strokes, though, of course, no in
tion of the practical utilization of wave energy, as 

I
' crease of power is thereby gained over the simple 

follows: scheme of taking off the power during the down stroke 
Of the motions of the wave particles which may be only. 

utilized for power purposes, we find the following: In Fig. 3 is shown a very simple device, a cylin-
1. Vertical rise and fall of particles at and near the drical float rising and falling on a central guide pile, 

surface. the power being transmitted by means of vertical 
2. Horizontal to-and-fro motion of particles at ana 

I 
�cks. A modificatio� of this has the pump, .wh}ch 

near the surface. ·IS operated by the rise and fall of the float, m -"he 
3. Varying slope of surface of wave. upper part of the guide pile itself, the object b _l1g 
4. Impetus of waves rolling up the beach in the form I to get all the principal parts as nearly as possibl.e in 

of breakers. line. 
5. Motion of distorted verticals. In Fig. 4 is shown an ellipsoidal float, held at one 
All of these motions, except the last one mentioned, end of a frame, the other end of which is pivoted 

have at various times been proposed to be utilized for to a rigid structure at some point above the wa
power purposes; while no attempts seem to have been ter. The motion of the float is transmitted by a 
made to utilize this last mentioned motion l that of the rope to suitable pumping mechanism. This device 
distorted verticals, which seems the one Dy far most is practically employed at some points on the At
likely to give efficient results, as will be presently ex- lantic coast to pump salt water for street sprinkling 
plained. purposes. 

The most rational way of utilizing··the vertical rise Fig. 5 shows a somewhat similar arrangement, the 
and fall of the I?articles at and near the surface, and frame carrying the cylindrical float being pivoted be
the one almost mvariably proposed, is by means of a low the surface of the water, and the shaft to which 
heavy float. The float is either permitted to have the frame is attached actuating suitable mechanism 
a small amount of side motion, the extent of such by means of a geared sector. This float is, in addi
motion being limited by the length of chains connect- tIOn, provided with a curved lip to somewhat con
ing the float to anchors, piles, or other fixed struc- tine the water and thus get the full benefit of its mo
tures, or it is guided in a vertical straight line, or mentum. 
in the- arc of a vertical circle. The float is usually In Fig. 6 is shown a spherical float attached to a rope 
hollow, beingJ>allasted, if necessary, with rock or other leading downward. The actual rise and fall of the 
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MOTORS OPERATED BV TO AND 'RO MOTION or w4vLS 

float causes a corresponding motion of the rope, which 
leads through a sheave below to proper mechanism on 
shore. 

The spherical float shown in Fig. 7 is anchored by 
means of a rope leading downward and through a 
sheave to the shore. As the float is forced upward by 
the rise of the wave, it is also compelled to approach 
the vertical line passing through the lower sheave, 
and thus causes a pull on the power rope, the power 
being thus transmitted by a sort of toggle joint ar
rangement, the efficiency of which, to say the least, is 
doubtful. 

The main objection to floats operated by 1ihis ver
tical motion of the water may be briefly stated. In 
the first place, the quantity of power that can be 
obtained by a float covering any given area of wa
ter and rising and falling through a certain distance, 
is directly proportional to the weight of such float, as 
the number of foot pounds of energy for each wave is 
simply the weight of the float in pounds multiplied by 
its rise or jall in feet. 

MOTORS OPERATED 8� RI,E AND FALL OF FLOAT ,rd� 
�..--

F'QI30 J:�I. 

With a wave of given height, then, the amount of 
power obtainable from such float can only be in
creased by increasing the weight of the latter. This 
weight may be increased in either of two ways: 1. By 
making the float heavier per square foot of water area 
covered, as by using heavier material, or by increasing 
the amount of ballast carried. 2. By keeping the 
weight per square foot unaltered, but increasing the 
area of water covered by the float. Either of these 
methods is, however, attended with a loss of efficiency. 
An increase in weight of float means an iucrease in 
submerged depth and in inertia ; and the inertia of 
such heavy float could not be overcome with sufficient 
rapidity to cause it to rise to the whole height of the 
wave, thus decreasing its efficiency. If, on the other 
hand, the float b� made light to reduce its inertia, the 
possible amount of power to be transmitted thereby 
would again be correspondingly decreased. Further
more, as the area of water covered by such float is 
made greater, the particles of water in contact with 
different points of its length would be in different 
phases, so that the mean rise of such water would be 
less. Thus it is evident that if the float were just half 
as long as the wave, it would have a tilting motion, 
but no rise or fall as a whole whatever ; and if it were 
longer than the wave, practically no power at all could 
be obtained thereby. But as the length of the waves 
varies from day to day, a float which would be fairly 
efficient on one day with a certain series of waves 
might b.3 utterly inefficient with a series of waves of 
a different length some other day. 

t,10TOPS OPE RATED 6V VARYING SLOPE or WAvE suRF ACE 
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MOTORS OPERATED BV IMPETUS OF WAvES ROLLING UP BEACit 

MOTORS UTILIZING MOTION OF DISTORTED VERTICALS. 

THE UTILIZATION OF THE POWER OF OCEAN WAVES. 

The next motion to be considered is the horizontal 
to and fro motion of particles at and near the surface. 
The simplest arrangement for utilizing this motion 
consists in suspending a vertical flat vane from some 
point above the water, the lower end of such vane dip
ping into the water to a certain limited depth and 
being actuated by the horizontal component of the 

series of deep sea waves, expressed in horse power per heavy materials. It is usually rectangular and flat, motion of the particles at. and. near the surface. Su<;h 
foot of breadth: or in the shape of a sphere, an ellipsoid or a cy- arrangements are shown III FIgS. 8 and 9, the vane m 

linder. 
' I the lat�r actuating suitabl� mechanism py means of a H' 

H. P. per ft. breadth = 0'0329 H2L (1- 4'935 --) 
L' 

in which H and L = the height and length of the wave 
respe0tively, expressed in feet. The following table is 
computed by this formula: 

In Fig. 1 is shown a simple case, the float being se- cOI;lllectmg rod attach.ed �o Its prolongatl?n above the 
cured to a rope which is attached to one end of a pomt of support, ,,:h11e III the form-er It operate� a 
walking beam the other end of the latter being con- submerged pump directly, by means of a connectmg 
nected by a �econd rope to suitable mechanism for rod attached to ItS lower end. . . . 

utilizing the power. As the float rises on the wave, That some power can b� obtaIJ?ed by. these deVICes IS 
the slack of its rope is taken up by suitable ratchet beyond questIOn, but theIr effiCIency IS hampered by 

TOTAL ENERGY OF D EEP-SEA WAVES IN TERMS OF HORSE POWER PER FOOT OF BREADTH. 

the fact that while at first sight it would seem that the 
amount of power thereby obtained would, with a given 
breadth of vane, be directly proportional to the depth 
of immersion of the lower end of the vane, yet it is 
evident that the deeper the immersion of the vane the 
less efficient. the apparatus would be. For the vane 
has an angular motion about its point of support, its 
lower immersed end moving through a greater distance 
than the portion at the surface of the water. But we 
have above seen that the horizontal motion of the 
particles is greatest at the surface !Lnd becomes less as 
the respective particles are further below the surface. 
The relative motions of the upper and lower portions 
of the vane are thus exactly the reverse of the natural 
relative motions of the particles of water In contact 
with those portions: so that as such vane extends 
deeper into the watElf, it becomes less efficient. If the 
vane be extended to the bottom, its motion would be 
much reduced in the case of a shallow-water wave, and 
it would come to an absolute standstill in the case of 
the deep-sea wave. Instead of the vanes just described 
it has also been proposed to employ a float, rigidly 
secured to a long arm extending to and pivoted at some 

RatIO 
of Length of Wave. to 

Height of Wave,. ! 
i 25 
I---�-
I 

!&::::: : : : : : : : :  :::::: ::: I 0'04 
0'05 
0'06 
0'08 
0'12 
0'16 
0'25 
0'42 
0'98 
3'30 

35 . . . . . . . . . . .. • . . . . . . . . .  

30 ..................... . 

25 .. . .  _ . . . . . . . . . . . . . . • .  

20 . . . _ . . . . . . . . . . . . . . . .  . 

15 . . . . . . . . . .. . . . . . .  , 

-

. .  _ 

10 . . . . . . . . .. . . . _ . . . . . .  . 
5 ..................... . 

Length of Waves in Feet. 

75 1 50 \ I ���- -- -�-- . 

. 
0'23 I 
0'29 
0'36 
0'47 
0'64 
0'90 
1'44 
2'83 
5'53 

18'68 

0'64 
0'79 
1'00 
1'30 
1'77 
2'49 
3'96 
6'97 

15'24 
51'48 

100 

1'31 
1'62 
2'05 
2'68 
3'64 
5'23 
8'13 

14'31 
31'29 

105'68 

150 

3'62 
4"47 
5'65 
7'37 

10'02 
14'40 
21'79 
39'43 
86'22 

291'20 

I 200 300 400 
------

7'43 20'46 42'01 
W18 25'30 51'94 

11'59 31'95 65'58 
15'14 41'72 85'63 
20'57 56'70 116'38 
29'56 80'85 

, 
167'22 

45'98 126'70 260'08 
80'94 223'06 457'89 

177-00 487'75 1001'25 
597'78 1647'31 3381'60 

------ -��-------

The above table gives the total energy, including 

I 
arrangements, and when the wave falls, the weight point of a �ed structure ove�head or extending down

both kinetic and potential, inherent in a regular series of the float is available for the production of useful 
I 

ward and p�voted at some pomt near th� ?ot�om of the 
of waves. The figureH are strictly correct for the tro- work. water, but m each of these .cases the �tIhzatlOn of the 
choidal deep-sea wave with circular orbits only, though, In Fig. 2 the float is guided by guide rollers travel- motion of the surface partlcles only 18 contemplated. 

© 1892 SCIENTIFIC AMERICAN, INC. 



13754 SCIENTIFIC AMERICAN SUPPLEMENT, N(\, 861. JULY 2, 1892. 

A somewhat more complicated arrangement is shown the height of the water in the reservoir. While this I affected by variations in the magnitude of the waves. 
in Fig. 10, in which a peculiarly shaped float is sup- apparatus has the advantage of simplicity and few I To accommodate themselves to variation in height 
ported by crossed suspension rods. The longitudinal working parts, it labors under the disadvantage that II of tide, most of the arrangements above discussed are 
cOJ1cavities of the surface of the float are alleged to be much of the energy of the waves is dissipated by the raised and lowered bodily the required amount. Some 
"of substantially the form the waves assume as they time they reach the apparatus. There is also much \ of the floats are thus adjusted by simply shortening or 
approach the shore, so that the full force thereof is internal friction and great liability to filling up with lengthening the power ropes, which can readily be 
utilized better than if sharp corners were presented." sand. It has the further disadvantage of not being, done; the floats that describe vertical arcs or circles 

In Fig. 11 is shown an arrangement of a cylindrical adjustable to rise and fall of the tide or the condition I adjust themselves by simply describing an arc which is 
float, suspended by a number of ropes attached to the of the sea. higher up on their circle of motion; the floats des crib
float at such points as to utilize not only the rise and Taking up again the theory of wave motion, the ing horizontal arcs of circles and most of the vanes 
fall of the float, but also the horizontal to and fro mo- author explains the "motion of distorted verticals " require their points of suspension or support to be 
tion of the same. The extreme motion of the float is and why this motion is best suited for utilization as a I adjustable in a vertical direction. The vanes proposed 
limited by chains attached thereto, as shown. source of power. In Figs. 17, 18 and 19 he shows three, in this paper require no adjusting, being made of such 

The next motion to consider is that due to the vary- types of wave motors designed to utilize this motion, length that they are long enough to reach the wave 
ing slope of the wave. In Fig. 12 is shown a float which the motor consisting in each case of a thin vane, crests at high tide, while at low tide their upper ends 
lies on the wave and changes its inclination to the extending from above the surface of the water to simply project above the water. 
horizontal in accordance with the varying slope of the near the bottom, and suspended in various ways, /'1'0 prevent damage to the apparatus in a heavy 
wave. A rigid arm is firmly secured to the float, ex- according to the depth of the water and the vari- storm, some of the motors are located in inclosures, the 
tending across the latter ; and ropes attached to the ations in magnitude and direction of the waves. It gates of which may be closed in bad weather, and 
upper and lower ends of this arm transmit the power will be noted that these motors are designed to utilize others are arranged to hoist out of the water altogether. 
to mechanism on the shore or on a suitable structure both the to and fro motion of the vane as a whole But as the energy of the waves is very much greater 
erected in the water near the shore, the float itself I and also its motion from a vertical plane to an incli- during a storm than with an ordinary swell (see table 
being prevented from moving shoreward by an anchor- I nation in either direction. The motor shown in of H. P. above given), it hardly seems wise to throw 
ing rope. The objections to this scheme are twofold: • Fig. 19 is, the author says, of the n;lOst general ap- motors out of action at a time when they could develop 
In the first �lace, the curv�s in which �he power rop�s I plication. He describes the detags m the mechanism, the most power. We propose, t�erefore, to make our 
hang have different deflectlOns accordmg to the stram as follows: . vanes of such length that they WIll reach to the top of 
to which they are subjected. As the float becomes in- In order to adjust the vane (B) about a vertical axis the largest waves that can be faced with the strength 
clined by the action of the wave slope, th� strain on to suit the direction of the waves, there is provided in of the vanes as constructed. When the size of the 
one of the ropes increases, while that on the other de-, each of these arrangements a turn-table (T), which, by waves increases beyond this limit, and huge breakers 
creases, the deflection of the former becoming less and means of suitable mechanism, is turned and adjusted come rolling in, the crests of the latter will be con
that of the latter becoming greater; and the change in to any desired position, and properly secured after ad- siderably above the upper ends of the vanes, so that 
deflection corresponding to any increase in strain must justment. The turn-table supports and carries with it the vanes will not be injured by the breaking of these 
be produced before the latter can be transmitted. The the bearings] the vane, and all other necessary parts. crests; and as the motion of the water rapidly de
motion of the float must thus first take up a certain This turn-table may be dispensed with when the con- creases below the surface, we consider that our pro
amount of slack in the rope, so as to decrease its de- tour of the coast or other influences cause a practically posed vanes may safely work in any weather, being 
flection to that corresponding to the strain to be trans- constant direction of the waves. entirely below the reach of the breaking crests of the 
mitted; but unless the waves were very steep, the (C, D), etc., are firmly braced structures supporting waves in a heavy storm, while they project up through 
motion of the float would probably hardly suffice to do the platforms or floors (El and (F), the turn-table (T), the wave crest in ordinary weather. 
more than take up this slack ; and in such case -no and the vane (B). On these platforms or floors, or The author then takes up what is apparently the 
power, or at any rate very little power, would be trans- within the structures (C, D), etc., can be placed the most difficult problem of all in connection with any 
mitted. This defect in the arrangement could, how- pumping or other mechanism for transmitting, util- considerable utilization of wave power, the necessity 
ever, be much lessened by placing the float much lzing or storing the power derived from the waves by of providing a large storage of power for use during 
nearer the structure supporting the mechanism, so that the vane, and the mechanism for adjusting and secur- long-continued calms. After discussing com pressed air 
shorter ropes or even rods cOllld be employed for trans- , ing the turn-table. In practically building these struc- tanks and storage batteries, he concludes that pump
mitting t� power. But- there is another and more I tures it would probably be found best to make their ing water to an elevated reservoir is the system of 
vital objection. To obtain the largest amount of lower portions closed, so as to be filled with concrete power storage which offers on the whole the most ad
power from this arrangement, the float should be or other heavy material, while their upper portions vantages and seems best adapted for use in connection 
exactly half the length of the wave. But as the waves would be open lattice-work, so as to interfere as little with a wave motor. As an example of what would be 
vary considerably in length from day to day, it follows asyossible with the movement of the wave. required in practice, he supposes a reservoir at an ele
that the float, while quite sufficient in waves to which The energy of the forward vibration of the distorted vation of 340 ft. above the water wheel. If the water 
its length was suited, would lose efficiency among 
larger wa ves, and come almost to a standstill among 
much shorter waves. 

Somewhat akin to the above is the device proposed 
for employing the varying angle between two portions 
of the surface some distance apart in the direction of 
the length of the wave. It consists (Fig. 13) of two 
floats, preferably pontoons, containing the mechanism 
for utilizing the power, these floats being hinged to
gether so as to be capable of motion relative to each 
other about a horizontal axis. As the floats ride on 
opposite sides of the crest of a wave, their outer ends 
are lower than their inner ends, while in the trough of 
a wave this condition is reversed. The angular motion 
of the floats relative to each other is employed to oper
ate a ratchet wheel as shown, from which the power is 
transmitted to any suitable mechanism. 
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The difficulty with. this device is also due to the 
varying length of the waves from day to day, It is 
evident that if the length of the floats or pontoons be 
too short in comparison with the length of the wave, 
the angle between them will be very slight and but 
little power will be obtained. On the other hand, if 
they are too long, the angle is again diminished and 
the same difficulty presents itself. Thus a pair of such 
pontoons, of proper lengths to give their greatest effi
ciency for a certain length of wave, would be much less 
efficient for a wave one half as long or double as long. 

TRANSFER CABLE FOR RAILROAD CARS AT GLEN UNION, PA. 

In Fig. 14 is shown an arrangement for utilizing all verticals is greater than that of their backward vibra
three of the motions above discussed. It consists of tion; and the vane will thus not vibrate equally in both 
a rectangular float, surmounted by a framework rigid- directions if the same resistance is opposed to it during 
ly attached to the same. A number of ropes are at- both vibrations. The proper and regular working of 
tached to various points of the float and of the frame- the vane can be insured either by opposing a suitable 
work as shown, leading over sheaves so placed that smaller effective resistance to the motion of the vane 
power will be transmitted not only by the rise and fall during the backward than during the forward vibra
of the float, but by its tilting action on the slope of tion, or by opposing to the forward vibration of the 
the wave, and by its horizontal to and fro motion. vane, in addition to the equal effective resistance op
While superior, in some respects, to some of the sim- posing both vibrations, a suitable additional resistance 
pIer schemes above explained, it partakes of many of so arranged as to yield up, during the backward vibra
their disadvantages, and has the additional one of being tion, the potential energy thereby stored up during the 
somewhat more cumbersome and complicated. forward vibration. The former method simply requires 

Several radically distinct methods have been proposed that the amount of power derived from the vane on the 
for utilizing the impetus of breakers rolling up the forward and backward vibrations, respectively, is to be 
beach. In Fig. 15 is shown a nearly vertical vane held' adjusted to correspond to the normal energy of the 
in a framework which is provided with wheels at the distorted verticals during these respective vibrations. 
bottom and with ropes leading to suitable mechanism The latter method is most simply carried out by the 
on shore. These wheels run on rails laid down the raising of a free weight or the extension or compression 
slope of the beach, or may even run on the slope of the of a spring during the forward vibration, the potential 
beach itself, if the latter be hard and smooth. As the energy of which is then-allowed to assist the backward 
breaker strikes this vane, it drives it rapidly up the vibration. The irregularity of the vibrations which 
slope of the beach, and the slack of the rope is taken would be induced by a current min be rectified in a 
up by suitable ratchets or other contrivances. As the similar manner. 

is used with an efficiency of 80 per cent., the discharge 
will be 2,122 cu. ft. per minute per horse power. If we 
assume that power is required for 10 hours daily, and 
that the reserve of power must be sufficient to last 
through a ten days' calm, then a reservoir to furnish 
100 h. p, would have to be 20 ft. deep and 252 ft. 
square. 

Although the author gives these figures to show the 
feasibility of the use of wave motors, they serve really 
to make very doubtful the use of wave motors for 
general power purposes, even under the conditions of 
dear fuel which exist on the Pacific slope. On the 
other hand, for uses where an intermittent action is 
admissible, such as pumping water for flushing sewers, 
street sprinkling, irrigatlOn, drainage, etc., there seems 
to be considerable opportunities for the successful use 
of wave power. 

In this connection it occurs to us that the irregular· 
ity which is the chief difficulty in utilizing wave 
power could be partially obviated by combining the 
use of wind and wave power. By erecting a windmill 
in connection with a wave motor, both storing power 
by pumping to an elevated reservoir, the probabilities 
of both motors being idle during any considerable time 
would be much reduced. It is true that calm seas and 
still air frequently accompany each other; but, on the 
other hand, the ocean is often fairly quiet when a 
strong breeze is blowing off-shore, and vice versa, a 
heavy swell is frequently rolling in when no wind is 
blowing. -.Enginee7'ing News. 

----c= 

water recedes, the weight of the vane and carriage As the motion of these vanes, arranged as above 
causes the latter to run down the slope of the beach, proposed, conforms very closely to the natural move
and useful work may be performed by utilizing the ment of the distorted verticals1 the elements of ineffi
pull on the rope. Some little difficulty would probably ciency which have been pointea out with reference to 
be experienced with this apparatus on account of the some of the previously described methods are very 
sand filling in along the track, which would probably much reduced or even altogether absent. The action 
finally result in throwing the apparatus off tlie track. of the vane is more nearly akin to that of the piston of 
It labors under the disadvantage that much of the in- a steam engine, being driven forward and backward TRANSFER CABLE FOR RAILROAD CARS. * 
herent energy of the smooth waves is dissipated in the by the variations of the fluid pressure on its faces. Its 
eddies of the breakers before it reaches the vane, and weight does not affect the amount of energy, except as 
that the delivery of the energy of the breakers to the a slightly prejudical factorl which should be kept as 
vane by what would' practically be a sharp blow is low as possible. The vane IS therefore made as light 
naturally much less efficient than in cases where this and thin as considerations of strength and rigidity will 
transfer of energy is more gradual. permit, thus reducing the loss of efficiency due to its 

As a fresh illustration of the advances made in the 
past few years in the overhead cable systems of hoist· 
mg and conveying, as applied to open-cut deep min· 
ing and quarrying, I would call attention to a further 
development of this system of transportation which 
has lately been put in operation in this State. A few 
miles above Willi amsport, on the Susquehanna River, 
the Glen Union Lumber Company, of Pottsville, Pa., 
owned a large, tract of valuable timber land, which 
they proposed ·'to bring into the market. Unfortu
nately, this land is situated on the right bank of the 
river, while the 'railroad, the 'only available means of 
marketing the lumber, runs on the left bank. The 
river is about 850 feet wide at this place, and the 
cost of a bridge to carry the cars over was practically 
prohibitory, as it threatened to consume the profits 

An entirely different method is shown in Fig. 16. inertia, and at the same time reducing to the least 
The mass of water IS allowed to enter a large strongly possible amount its interference with the normal struc
built chamber, which decreases in both height and ture and movement of the wave. A notable feature 
width toward its shoreward end. At this end a non- about these proposed vanes is that increase of immer
return valve (a) is provided, beyond which is a closed sion is accompanied by increase of efficiency' and 
chamber. In the top of the latter is the non-return this is a very Important point of difference between 
valve (b), above which is an air chamber and a pipe them and certain other apparatus already described. 
leading to the water reservoir. When the wave enters The greatest efficiency for any particular series of 
the receiving chamber it has a certain velocity; and as waves will be obtained by letting the vane extend 
the cross-sectional area of this chamber becomes less, ,from the surface of the wave crest to the bottom of the 
the velocity of the water must increase until at the; water; and, provided the vane is long enough to reach 
inner end it becomes sufficient to pass through the non- I to the top of the highest wave crest which it is desired * Extract from paper read by E. J. Spilsbnry, before American Insti· 
)'eturn valves (a) and (b), against the pressure due to to utilize, the efficiency of the apparatus will not be tnte of MIning Ellgineers.-Railwall Review. 
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